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The experimental s tudy of heat  o r  mat ter  s c a t t e r i n g  from 

a point  source placed on the  ax- of a tube shows t h a t  the  d i f fu -  

s i o n  coef i i c i e n t  is, f o r  a given regimen, equal t o  the  kinematic 

viscosity-by turbulence f a c t o r  C11. When f o r  t h a t  same type of 

flow the w a l l  is the source of hea t ,  i t  may be noted t h a t  i n  the  

region c lose  t o  tube axis ( a t  one t h i r d  of the  r a d i u s ) ,  the  d i f fu-  

s i o n  c o e f f i c i e n t  is almost twice as g r e a t  as formerly [21. 

The objec t  of the  present  Note is t o  expla in  t h i s  experimental 

r e s u l t  by r e v e r t i n g  t o  a t h e o r e t i c a l  s tudy C31, according t o  which : 

- ( 1 )  the  f l u i d ' s  d i f fus ion  c o e f f i c i e n t  is i n  i t s e l f  equal by 

turbzilence at each point  t o  the  kinematic v i s c o s i t y  by turbulence S t .  

- (2)  a gradient  of Qt has f o r  consequence a d i f fus ion  y i e l d  

of  f l u i d  such t h a t  the mass, t r ave r s ing  during the  u n i t  of t i m e  a 

un i t a ry  normal surface  t o  Oy is equal t o  ~ - 2  idv,/cly}. ? denoting the  

s p e c i f i c  mass of the  f lu id .  The author e s t a b l i s h e s  t h a t  t h i s  flux is 

without sens ib le  e f f e c t  oxi the  quant i ty  of motion t r a n s f e r .  

According t o  numerous experiments, the  case of tu rbu len t  
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regimen es tabl iehed i n  a  conduit ,  corresponds t o  an independent 
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ve loc i ty  p r o f i l e  of the measurement c ross  s e c t i o n  and t o  a  va r i ab le  

c o e f f i c i e n t  Vt i n  a  d i r e c t i o n  perpendicular  t o  t h e  w & l .  

However, those two statement8 a r e  i r r e c o n c i l a b l e  i f  one r e f e r s  

t o  the  t h e o r e t i c a l  concluskon ( 2 ) ,  We must therefore  admit t h a t  the re  

e x i s t s  an adverse flux, r e l a t e d  t o  t h e  turbulent  s t a t e  of t h e  f l u i d  C43. 
Thos two an tagon i s t i c  f luxes a r e  such, t h a t  t h e i r  r e s u l t a n t  at each 

point  of the  space 3.s s e r o  unaer the  angle of the  macroscopic mass 

balance. We take  up here t h i s  hypothesis by considering t h e  f l u i d  as 

a homogenous phase containing the e n t i t y  A (heat  o r  matter  i n  di lu-  

t i o n )  i n  volume concentrat ion CA. The d i r e c t i o n  Oy is perpendicular 

t o  the  axis of the wall, 

Let  us compute .the quant i ty  A which accumulates i n  the  u n i t  
. . 

of volume i n  a u n i t  of  time becuase, on t h e  one p a r t ,  of the  d i f f u s i o n  

proper,  of c o e f f i c i e n t  3 according t o  (I), and on the  o t h e r  on 

account of  the adverse current  having, according t o  ( 2 )  for a component 

of the  v e l o c i t y  - &~,/dy : 

To the  extent  t h a t  the very l a s t  term is negl ig ib le  r e l a t i v e  t o  

t h a t  accomanying i t ,  we must not t h a t  the two f luxes  across a f i c t i v e  

initary surface  perpendicular  t o  the  d i r e c t i o n  Oy have the  same e f f e c t  

upon the  quant i ty  A, s o  t h a t  the  a@parent .d i f fus ion  c o e f f i c i e n t  of  A 

is equal t o  2 gt .  This would correspond f o r  a thermal problem t o  a 

p rand t l  number by turbulence Prt n 0.5, but  l e t  us note t h a t  t h i s  

number does not  have, i n  the  general  case,  a  simple and constant  value 

i n  the cross  s e c t i o n  of the  tube, 

We thus -age t o  c l a r i f y  the  paradoxical appearance mentioned 

a t  the beginning of t h i s  note. The fundamental anaolgy of Reynolds, 

according t o  which, e i t h e r  the  matter ,  hea t  o r  quant i ty  of motion 

d i f f u s e  i d e n t i c a l l y  is v a l i d ,  but  i n  case of a s t a t i o n a r y  he terogeno~s  

turbulence,  t h e r e  appears an adverse cur ren t  l inked t o  the  l a t t e r ,  

which conceals t h i s ' a n a l o g y  when one considers  the d i f fus ion  of an 

e n t i t y  A . in t h i s  fluid. R U# .+ 
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The theory  expounded r e f e r s  t o  t he  r e s u l t s  o f  expe r i aen t s  on 

t h e  tu rbu lence  e s t a b l i s h e d  i n  t h e  condu i t s  an2 d e r i v e s  a  t u r b u l e n t  

P r a n d t l  number at t i n e s  nea r  0.5. A s  was s t r e s s e d  by Kes t in  and Richard- 

son C23, t h i s  value is exac.t ly t h e  one determined i n  t he  case  of  f r e e  

t u rbu l ence ,  wake of a hea ted  c y l i n d e r  o r  j e t s .  S ince  no o t h e r  hypothesis 

was made than  t h a t  of a s t a t i o n a r y  s t a t e ,  z r e l a t i o n s h i p  is established 

between t h e s e  two types  of f lows, g e n e r a l l y  considered as dissimilar, 
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